Abiotic and biotic stresses are the major factors that negatively impact plant growth. In response to abiotic environmental stresses such as drought, plants generate resistance responses through abscisic acid (ABA) signal transduction. In addition to the major role of ABA in abiotic stress signaling, ABA signaling was reported to downregulate biotic stress signaling. Conversely recent findings provide evidence that initial activation of plant immune signaling inhibits subsequent ABA signal transduction. Stimulation of effector-triggered disease response can interfere with ABA signal transduction via modulation of internal calcium-dependent signaling pathways. This review overviews the interactions of abiotic and biotic stress signal transduction and the mechanism through which stress surveillance system operates to generate the most efficient resistant traits against various stress condition.
INTRODUCTION
As sessile organisms facing diverse levels of stresses including abiotic environmental harsh condition and biotic pathogen attacks, plants are required to build up elaborate stress surveillance system and corresponding resistant mechanisms. Plant abiotic stress responses are largely controlled by phytohormone ABA through the regulation of its synthesis, transport, and onset of multi layers of signal transduction (Cutler et al., 2010; Kim et al., 2010) . In addition to ABA's major roles in abiotic stress resistant signal transduction, ABA has been shown to function during pathogen infection and the following plant immune response pathways (de Torres-Zabala et al., 2007; Fan et al., 2009) . Although, in many cases, ABA affects negatively on the generation of immune responses there have been reports that ABA synthesis after pathogen recognition assists proliferation of the infected pathogen depending on the types of particular pathogen and host pairs (Ton et al., 2009 ). This review focuses on an opposite way of regulation that is how biotic stress resistant responses can regulate abiotic stress signal transduction. Recent findings demonstrated that modulation of ABA signal transduction would occur via components previously known as major regulators of pathogen signaling. Especially control of abiotic responses by NB-LRR (Nucleotide Binding-Leucine Rich Repeat) R (Resistant) gene immune receptors and Ca 2+ signaling as an integrator combining abiotic and biotic stress surveillance systems are particularly interesting and discussed more in detail.
INTERACTION OF ABA SIGNALING WITH BIOTIC STRESS RESPONSE PATHWAYS
In addition to the genetic interactions of ABA signaling with ethylene, gibberellins, and brassinosteroids signal transduction in embryonic and early postembryonic development (Beaudoin et al., 2000; Gazzarrini et al., 2004; Ghassemian et al., 2000; Zhang et al., 2009) , novel roles of ABA signaling during pathogen infection and following defense responses against biotic stresses have been suggested (Asselbergh et al., 2008; Cao et al., 2011; Fujita et al., 2006; Ton et al., 2009) . Jasmonic acid (JA) and salicylic acid (SA) are two major plant hormones regulating plant biotic stress signal transduction. Interactions between ABA and JA/SA signaling may coordinate to produce combined optimal resistant responses when plants face both abiotic and biotic stresses simultaneously ( Fig. 1) .
Both wound and pathogen Botrytis cinerea treatment induce biosynthesis of ABA, JA, and SA (Pan et al., 2008) suggesting synergistic or antagonistic interactions among these induced hormone signaling to generate defense responses. MeJA (methyl jasmonate) treatment induces stomatal closing through a CORONATINE INSENSITIVE1 (COI1)-and JASMO-NATE RESISTANT1 (JAR1)-dependent signaling pathway (Munemasa et al., 2007; Suhita et al., 2004) . JA-triggered activation of Stype anion channel and I Ca -channel activities is probably under the control of the same second messengers elicited by ABA because MeJA does not induce stomatal closures in ABA in-sensitive2-1 (abi2-1) as well as in coi1 (Fig. 1) . In regulation of merging signals for ABA-and JA-triggered stomatal closures, guard cell abundant myrosinase THIOGLUCOSIDE GLUCO-HYDROLASE1 (TGG1) may have a role. tgg1 showed defects in ABA-inhibition of inward K + -channel activity and stomatal opening (Zhao et al., 2008) and ttg1 ttg2 produced reduced responses in the ABA-and JA-induced stomatal closures (Islam et al., 2009 ) suggesting a role of glucosinolate metabolism in the guard cell ABA signaling.
However an antagonistic effect of ABA in JA signaling was also presented based on the observation that exogenous ABA treatment repressed the expression of JA-dependent defense genes (Anderson et al., 2004) . Additionally, mutations in the positive ABA signaling bHLH (basic Helix-Loop-Helix) transcription factor AtMYC2 and the ABA biosynthesis gene ABA DEFICIENT2 (ABA2) produced increased resistance to pathogen (Anderson et al., 2004) . As a response to the flg22 perception by FLAGELLIN SENSITIVE2 (FLS2), plants close the possible bacterial entrance sites, guard cells by inducing stomatal closures (Melotto et al., 2006) and inhibiting stomatal openings (Zhang et al., 2008) . The MAMP (microbe-associated molecular pattern)-triggered stomatal response requires components of ABA signal transduction OPEN STOMATA1/SnRK2.6 (OST1) and G-protein subunit GPA1 for stomatal closures and openings, respectively (Fig. 1) . Stomatal closures by flg22 can be repressed by the compound coronatine secreted by PstDC 3000 and also by mutations in ABA and SA biosynthesis genes (Melotto et al., 2006; Zeng et al., 2010) suggesting interactions between ABA and SA/JA signaling in guard cells.
SA is a central biotic stress hormone inducing systemic resistance to bacterial and fungus pathogens. Whereas pathogen infection induces biosynthesis of ABA and SA, an antagonistic effect of ABA on both SA biosynthesis and signaling via control of transcription was observed (de Torres Zabala et al., 2009; Fan et al., 2009; Mosher et al., 2010; Yasuda et al., 2008) (Fig.  1) . Although the detailed mechanism through which ABA-SA antagonism balances the downstream responses remain under investigation, ABA-RESPONSIVE1 (ABR1) expression by Xanthomonas campestris infection was shown to control antagonistic biosynthesis of ABA and SA and produce the disease resistance (Choi and Hwang, 2011) .
Moreover findings a regulatory function of race-specific immune receptor NB-LRR proteins in drought/humidity responses support further complex interactions between ABA and SA signaling components. The CC (coiled-coil)-NB-LRR mutant activated disease resistance1 (adr1) was originally isolated as a disease resistant mutant. Overexpression of ADR1 conferred a specific drought resistant phenotype via ENHANCED DISEASE SUSCEPTIBILITY1 (EDS1) and ABA INSENSI-TIVE1 (ABI1) pathways (Chini et al., 2004) . The Toll and interleukin-1 receptor homolog (TIR)-NB-LRR-WRKY mutant sensitive low humid-ity1 (slh1) is hypersensitive to low humidity by induction of hyperactive disease responses (Noutoshi et al., 2005) . Constitutive lesion phenotypes of the TIR-NB-LRR mutant ssi4 (suppressor of salicylic acid insensitivity of npr1-5) is also suppressed by high humidity treatment perhaps via down-regula- Fig. 1 . Summary of guard cell signaling displaying cross-talks of ABA and biotic stress responses. Depending on the types of pathogen-plant host pairs SA signaling can affect either negatively or positively guard cell ABA signal transduction. Negative regulation of ABA signaling by NB-LRR can be independent of SA signaling. Whereas coronatine from pathogen was shown to inhibit ABA responses, MeJA treatment was reported to induce stomatal closing. See the text for more detailed discussion.
